M ethods of testin g sera for p recip itin s ag ain st sem inal proteins, an d for sperm atozoal agglutinins are described.
T he influence of various facto rs on a g g lu tin atio n of ra b b it a n d guinea-pig sperm atozoa in hanging drop pre p a ra tio n s h as been in v estig ated . I n d ilu ted n orm al sera ag g lu tin atio n of sperm atozoa b y th e ir tails occurred rarely, an d th e n only in low serum dilutions. I n th e sera of im m unized anim als ta il a g g lu tin atio n com m enced w ith in 10 sec., a n d titre s could be read a fte r 20 m in. A ltering th e p H of th e d ilu en t below 7*0, or above 8T , reduced th e serum titre s. W ashed sperm atozoa from sem en or from th e epididym is w ere a g g lu tin ated to higher serum titre s th a n unw ashed sperm ato zo a from th e sam e specim ens. A fourfold increase in th e con cen tra tio n of unw ashed ra b b it sperm atozoa, a n d a n eightfold increase in th e co n cen tratio n o f w ashed ra b b it sperm ato zo a h alv ed th e serum titre . A dditions of com plem ent did n o t, in th e p ro portions used, a lte r th e ag g lu tin a tio n titre s o f a n tise ra or th e m o tility of th e sperm atozoa.
T he ag g lu tin atio n o f ra b b it sp erm ato zo a is in h ib ited b y fluid from th e vagina. I t can be reversed b y m echanical m eans, or b y ad d itio n of fresh sperm atozoa in excess. W ith guineapig sperm atozoa d isag g lu tin atio n h as been achieved b y m echanical m ethods only.
M ixed agg lu tin ates of sp erm atozoa o f different species can be produced b y a n tise ra w hich ag g lu tin ate th em sep arately .
. I n t r o d u c t i o n
Many different methods have been used to demonstrate and study the antigenic properties of spermatozoa. The starting point of this work was Landsteiner's observa tion (1899) th at fresh bull spermatozoa injected intraperitoneally into normal guineapigs maintained activity for a considerable time; in the peritoneal cavity of guinea-pigs previously treated by a course of parenteral injections of bull sperma tozoa they were rapidly immobilized.
Most subsequent authors have relied on vitro tests, and immobilization of spermatozoa in vitro was used as a criterion of the presence of anti-spermatozoal bodies in sera by Metchnikoff (1900 a, b ), Moxter (1900) , M (1901), Landsteiner (1901 Landsteiner ( , 1902 , Kennedy (1924) , Walsh (1925) , and Mudd & Mudd (1929) . Such results, however, must be regarded with caution, because normal fresh sera frequently exert a toxic action on spermatozoa. This was described for serum and spermatozoa of different species by Metalnikoff (1900) , . Weichardt (1901) and Chang (1947) , and for serum and spermatozoa of the same species by Walsh (1925) and Chang (1947) . Heating to 56° C for 30 min. destroyed the spermicidal activity of normal and of anti-spermatozoal sera. Metalnikoff (1900) and Weichardt (1901) found that addition of fresh serum of some species, but not of others, and in certain proportions only, would restore the toxicity to spermatozoa of heated antisera, but not of heated normal sera. It is clear th at immobilization of sperma tozoa is not a specific action limited to sera containing antibody.
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Taylor (1908) reported the production of spermatolysins by immunizing rabbits against salmon spermatozoa. This phenomenon has not been observed with sperma tozoa of other species. Alteration of the electrophoretic motility of spermatozoa was thought by Mudd & Mudd (1929) to be an adequate method of demonstrating their specific combination with antibody; but there were technical difficulties in working with spermatozoa. The complement fixation test has been used by Landsteiner & van der Scheer (1927) , Henle (1938) , Henle, Henle & Chambers (1938) , Henle et al. (1940) , and Parsons & Hyde (1940) , to study the production and specificity of antibodies to spermatozoa. Agglutination of spermatozoa was described by Metchnikoff (1900a) , who noted that, when not instantly immobilized by antisera, rabbit spermatozoa were clumped into star-like masses. Weichardt (1901) prepared spermatozoal agglutinating and anti-agglutinating sera. McCartney (1922-23) produced agglutination of rat sperma tozoa in vitro using the vaginal secretions of female rats previously treated by injections of rat spermatozoa or testicular extracts. None of these workers stated whether the spermatozoa] heads were at the centre or the periphery of the aggregates. The agglutination of mammalian spermatozoa by their heads has since been observed in saline-diluting fluids (Chang 1947; Milovanov 1934) and in normal sera (Henle et al. 1938; Chang 1947) .
A definite distinction between head and tail agglutination was demonstrated by Henle et al. (1938) in their work on the distribution of antigens in spermatozoal heads and tails, which they separated by sonic cavitation and differential centri fugation. They immunized rabbits against suspensions of whole bull spermatozoa, spermatozoal heads, and spermatozoal tails, respectively. When mixed with whole bull spermatozoa in hanging drop preparations the anti-head sera produced head agglutination, the anti-tail sera produced tail agglutination. The antisera to whole spermatozoa caused agglutination in networks and strings. After absorption with spermatozoal heads the sera prepared against whole spermatozoa produced tail agglutination, and after absorption with spermatozoal tails they produced head agglutination. Whereas tail agglutination could only be produced by the sera of immunized animals, head agglutination of spermatozoa was often seen in normal sera. The authors showed that there were head-specific and tail-specific heat-labile antigens, and also a heat-stable and species specific antigen common to both heads and tails. They carried out complement fixation tests in parallel with agglutination tests.
Agglutination of mouse spermatozoa by their tails was described by Snell & Poucher (1943) who produced iso-agglutinins. Snell (1944) depended upon agglutina tion to demonstrate antigenic differences between the spermatozoa of different strains of mice.
Precipitin reactions of human semen have been studied for medico-legal purposes. Injection of rabbits with human semen was shown by Dervieux (1921) and Hektoen (1922) to induce the formation of species specific precipitins for seminal proteins and extracts of spermatozoa, and for human serum. The latter could be selectively absorbed, leaving only those specific for human semen (Hektoen 1922) . Landsteiner & Levine (1926) demonstrated that spermatozoa contained substances identical with or similar to the iso-agglutinable substances A and B of human red blood corpuscles, and Hektoen & Rukinstat (1928) described a method of tracing seminal stains to persons of certain blood groups. Using serological, chemical, and electrophoretic methods, Ross (1946) showed that antisera against human seminal plasma contained precipitins in small quantities for serum albumin, and in larger amounts for seminal proteins; the latter in some respects resembled serum globulins and gave cross-precipitation with them.
The precipitation reactions of sperm-agglutinating antisera have not hitherto been reported, nor has agglutination of spermatozoa by antisera containing pre cipitins for seminal proteins been described. I t seemed of interest to determine whether these antibodies could be produced independently of one another, and also whether the precipitin reaction always showed the high degree of species specificity found by Hektoen (1922) . Using the complement fixation test, Landsteiner & van der Scheer (1927) and Henle et al. (1938) have shown th were organ specific, but not species specific, although lower titres were obtained against heterologous spermatozoa. The technique of agglutination tests is much simpler than either precipitation or complement fixation reactions. I t therefore seemed worth while to study the factors influencing the agglutination of mammalian spermatozoa in vitro as little information on the subject is available. The object was to use this method for further studies of the antigenic relationships of spermatozoa of different species, and also to detect the presence of antibodies in the genital tract of immunized animals.
2 . G e n e r a l t e c h n i q u e
Animals used
Antisera were prepared in rabbits, goats, and in a sheep. Semen was obtained from rabbits, dogs, goats, and bulls, by the artificial vagina technique described by Macirone & Walton (1938), and Hammond & Asdell (1926) .
Epididymal spermatozoa were obtained from rabbits, goats, guinea-pigs, and rats, by killing the animals, dissecting out the vasa deferentia and epididymides, and expressing their spermatozoal contents into the diluent after making multiple incisions into the epididymides. In the case of mice, the whole epididymides and vasa deferentia were minced finely in the diluent, and subsequently the suspension was filtered through two layers of surgical gauze.
Preparation of spermatozoal suspensions and' seminal plasma

For immunization
Data relating to the production of antisera are summarized in table 1. For immunizing rabbits, the amount of semen, or epididymal spermatozoa, required for the whole group was collected on the day of injection. It was pooled, and diluted sufficiently to allow a dose of 2 ml. of spermatozoal suspension for each rabbit.
The rabbit seminal plasma and washed rabbit spermatozoa, used for immunizing the goats G. 1 and G. 2 respectively, were prepared from 75 samples of rabbit O semen collected over a period of 6 weeks, and stored frozen at -1 0° C. These specimens were thawed, pooled, diluted 1 in 4 with 0-85 % NaCl, and centrifuged at about 2000 r.p.m. for 1 hr. The seminal plasma was taken off, and its volume made up to 150 ml. The deposit of spermatozoa was resuspended in 150 ml. and, after thorough mixing, centrifuged as before. The supernatant fluid was discarded, and the spermatozoa suspended in 100 ml. of fresh saline. The diluted seminal plasma and the sperm suspension were stored frozen until required for injection. The epididymal spermatozoa of the rats, mice, and guinea-pigs, used each week for immunizing the goats G. 3, G. 4, and G. 5 respectively, were collected a few days in advance and kept frozen at -10° C until the day of injection. The suspension of mouse spermatozoa was concentrated by centrifuging and removing some of the supernatant fluid, to reduce the volume of each dose to 20 ml.
For testing the antisera
For agglutination tests, freshly collected specimens of semen or epididymal spermatozoa were examined for motility, and diluted about 1 in 20 to give a density between 1 x 104 and 2*5 x 104 sperm per mm.3 With experience a suitable concentra tion could be judged by microscopical examination without counting.
When washed spermatozoa were required, the dilute spermatozoal suspension was centrifuged at about 2000 r.p.m. for 30 min. The dilute seminal plasma was separated, and replaced at once by the same volume of fresh diluent. After thorough but gentle mixing, the suspension was centrifuged as before, the washing fluid taken off, and the deposit of spermatozoa resuspended in fresh diluent. In some experiments the spermatozoa were washed three times, in this way, before making up the final suspension for testing.
For precipitation reactions, seminal plasma and the diluting fluid of epididymal spermatozoa, freed from spermatozoa, were used as antigens. Whole semen was diluted 1 in 5, and centrifuged at about 2000 r.p.m. for at least 1 hr. The super natant fluid was removed immediately, leaving about 0-5 ml. above the spermatozoal deposit. I t was examined microscopically for spermatozoa; if any were present it was recentrifuged. Concentrated suspensions of epididymal spermatozoa were prepared, using the epididymides of 1 guinea-pig, 3 rats, or 10 mice per ml. of diluent. They were centrifuged as described for whole semen.
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Diluents For immunization
Semen and epididymal spermatozoa for injection were diluted with 0*85 % NaCl.
For testing the antisera
In agglutination tests the buffered glucose saline solution described by Baker (1931) was the usual diluting fluid for sera and spermatozoal suspensions. To investigate the effect of pH on agglutination, solutions were made up containing 30 ml. of 10 % glucose, 30 ml. of 0-2m NaCl, 20 ml. of distilled water, and 20 ml. of buffer mixture. In the pH range 5-0 to 8-1 Sorensen's standard phosphate mixtures were used, and above pH 8-35, Auerbach & Pick's sodium carbonate-bicarbonate mixtures (Clark, 1925) .
When preparing the antigen for precipitation reactions, semen and epididymal spermatozoa were diluted with 0*85 % NaCl, unless the spermatozoal deposit after centrifuging was required for agglutination tests, when Baker's solution was used. Dilutions of antiserum and further dilutions of antigen were made with 0-85 % NaCl.
Route of administration
Spermatozoal suspensions were administered to rabbits by weekly intravenous injections or by insemination into the vagina. The goats and the sheep were treated by weekly intraperitoneal injections. Details of dosage and duration of treatm ent are given in table 1.
Collection of blood and preparation serum
Blood samples were obtained from all animals before a course of injections was started. During immunization samples were taken after 4 weeks, and subsequently at fortnightly intervals until bled out. A period of 4 or 5 days was allowed between the previous injection and test bleeding, and 10 days between the last injection and bleeding out. Samples were withdrawn from the marginal ear vein of the rabbit, and from the external jugular vein of the goats and sheep. The rabbits were bled out under ether anaesthesia, the goats under nembutal with chloroform-ether mixture, and the sheep under chloroform-ether mixture. The blood was allowed to clot, and the serum pipetted off and freed from red cells by centrifuging. The serum not used immediately for testing was stored a t-10° C until it could be freeze-dried. Samples of freshly separated serum were heated to 56° C for 30 min. before testing for spermatozoal agglutinins. Freeze-dried sera were reconstituted with sufficient distilled water to restore the original volume.
Precipitation reactions Ring test
0-5 ml. of antigen was layered over an equal volume of undiluted serum in an agglutination tube. It was left at room temperature and examined after 10, 30, and 60 min. for presence of a ring at the junction of the two fluids.
Flocculation test
In order to avoid false negative reactions due to excess either of antibody or antigen, the tests were set up after the manner of Dean (1931) . Undiluted antiserum and 4 dilutions (1 in 5, 1 in 10, 1 in 20, and 1 in 40) were tested against five dilutions of antigen (1 in 2, 1 in 10, 1 in 50, 1 in 250, and 1 in 1250). 0-5 ml. quantities of each antiserum and antigen dilution were mixed and observed at intervals during the first hour, at 3 hours, and at about 18 hours. The test was done qualitatively, and not with a view to determining the serum titre ; therefore Dean's full range of antigen dilutions was not used, nor was the exact time of appearance of turbidity or precipitation accurately noted.
Agglutination tests
Antiserum dilutions were made, the usual range being 1 in 10, 1 in 20, 1 in 40, and so on down to 1 in 1280. 0-2 ml. of each dilution was transferred to an agglutination tube (3 in. x 0-3 in.) and 0-2 ml. of spermatozoal suspension mixed with it. The final concentration of serum in each tube was thus halved. A control tube, containing 0-2 ml. of spermatozoal suspension mixed with an equal volume of diluting fluid, was always included.
Tube agglutination
The tubes were left to stand for 1 hr. at room temperature, and then shaken gently and examined macroscopically. The following degrees of agglutination were recognized: The titre of the serum was given as the reciprocal of highest final dilution in which macroscopical agglutination of the one-plus degree was seen. To exclude a false positive due to non-specific head agglutination, a drop was removed from this tube for microscopical examination.
Slide agglutination
Suspensions of active spermatozoa were used. Immediately after mixing with the diluted serum, a drop was withdrawn and made into a hanging drop preparation, which was examined microscopically after 20 min. at room temperature. Three degrees of agglutination were recognized, and recorded as follows: + Small rosettes or clusters of spermatozoa agglutinated by their tails were seen, under the low power, widely separated by large numbers of free spermatozoa. + + The majority of spermatozoa were agglutinated by their tails in loose rosettes or clusters of moderate size, a few freely-swimming un agglutinated spermatozoa being present. + + + All the spermatozoa were agglutinated by their tails in dense rosettes or clusters, with their heads free on the periphery and lashing vigorously.
The titre of the serum was recorded as the reciprocal of the highest final dilution giving a one-plus degree of agglutination. When a few spermatozoa were agglu tinated by their tails, in groups so small as to be identifiable only under the high power, it was recorded as a 'trace'. Head agglutination (figure 1, plate 5) was regarded as a non-specific reaction. It was frequently seen in fresh suspensions of rabbit and guinea-pig spermatozoa in 0-85 % NaCl, or after several hours in Baker's solution. It was particularly common with the epididymal spermatozoa of guinea-pigs, and with rabbit sperma tozoa suspended in diluents at pH 's higher than 7-8.
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Photomicrographic technique
The photomicrographs of figures 1 to 7, plates 5 to 7 were obtained with the phasecontrast microscope, after the method of Zernike (1942a and 6) . A drop of the suspension to be photographed was placed on a slide and exposed.to osmic acid vapour for 30 sec. A coverslip was then sealed on with vaseline-paraffin mixture. It is a pleasure to acknowledge the assistance of Mr Smiles and Mr Welch, who adapted phase microscopy for the examination of spermatozoa, and to whom I am indebted for the following note:
' By the usual method of direct illumination, the images of unstained spermatozoa appear as black outline pictures on a bright background. When visibility is improved by reducing the effective working aperture of the objective, undesirable diffraction fringes appear.
'By the phase-contrast method, unstained spermatozoa appear as solid bodies, with a dark head and tapering filamentous tail. No diffraction fringes are seen, but the heads are surrounded by a bright halo, due to the differences between the refractive indices of the spermatozoa and of the suspending fluid. Satisfactory photomicrographs with minimal contrast between the halos and the spermatozoa are obtained by using panchromatic plates (Ilford HP 3).
' The microscope and positive phase-contrast equipment used were manufactured by Messrs. Cooke, Trougliton, & Sims Ltd.5
Comparison of i n v it r o t e s t s
Precipitation tests
The ring test is quicker and more convenient to perform than the flocculation test. Unfortunately, freshly separated sera, from normal or injected rabbits, gave well marked rings in control tests with Baker's solution, and with phosphate buffer solutions. Some normal sera gave rings with seminal plasma diluted with 0-85 % NaCl. In contrast, freeze-dried sera did not appear to give these non-specific reactions in ring tests (see table 2 ). In flocculation tests with fresh sera the control tubes showed a faint opalescence appearing at once. This was easily distinguishable from the true precipitation occurring with antiserum and antigen mixed in pro portions approaching the optimum. Furthermore, positive reactions were obtained in the flocculation test with several sera which had given negative results by the ring test, e.g. the goat sera G. 1 to G. 4, and rabbit seminal plasma (see table 3 ). Because most of the sera under investigation were freshly separated, and for its greater accuracy and specificity, the flocculation test was generally preferred.
Agglutination tests
The same titre was usually obtained when agglutination tests were done by the tube and slide methods with the same antiserum and spermatozoal suspension (table 4). Sometimes immotile or very sluggishly motile spermatozoa, such as those from the rat epididymis, would agglutinate by the tube technique when they failed to do so in a hanging drop. The aggregates so produced were, however, of The advantage of the tube method was a great economy of time by eliminating the preparation and scrutiny of numerous hanging drops. Its chief disadvantage was the difficulty of reading the end point. Non-specific head agglutination was easily mistaken for a one-plus degree of tail agglutination, even with the control t-------------------------------------- tube for comparison; or if there was much head agglutination in the control tube a one-plus degree of agglutination could be missed. Moreover, the tube method gave no indication of the motility and behaviour of the spermatozoa in different sera, or under different conditions of temperature, pH, and salt content. The slide technique appeared to present the advantages of greater specificity, accuracy, and interest, and the factors affecting slide agglutination were therefore further investigated.
Results by 'precipitation and agglutination tests
The antiserum G. 1 prepared against rabbit seminal plasma failed to agglutinate the spermatozoa of guinea-pigs, rabbits, and rats (table 4). The same serum gave positive precipitin tests with dilute seminal plasma of rabbits, and with the suspending fluid of epididymal spermatozoa from guinea-pigs and rats (table 3) . The presence in sera of agglutinins for spermatozoa in the absence of precipitins for seminal proteins of the same species has not so far been demonstrated. Chang (1947) showed that the spermicidal factor in fresh sera from rabbit, guinea-pig, rat, bull, and human, was unstable, thermolabile, and had several characteristics similar to those of complement.
The effect of normal sera on the motility and
AGGLUTINATION OF SPERMATOZOA
Motility
The spermicidal action of fresh rabbit, guinea-pig, and human sera, on rabbit and guinea-pig spermatozoa was confirmed using hanging drop preparations. Fresh goat serum was only weakly spermicidal. The effect was abolished by heating to 55° C for 30 min.
It was found, in addition, that sera of normal goats, rabbits, and guinea-pigs, which had been freeze-dried and reconstituted, without heating at any stage, would support the full motility of rabbit and guinea-pig spermatozoa up to 60 min. This was true even in the case of guinea-pig sera freeze-dried to preserve complement, and which, in dilutions of 1 in 33 and 1 in 50 respectively, were found to liaemolyze an equal volume of 2 % sheep cells maximally sensitized with liaemolysin by the method of Wadsworth, Maltener & Maltener (1938) . Clearly in these two sera the spermicidal factor was not identical with the complement for the haemolytic system.
Slide agglutination
In normal sera, and dilutions thereof, agglutination of rabbit and guinea-pig spermatozoa by then heads was commonly seen. Tail agglutination, on the other hand, was rare, and then occurred only in high serum concentrations. Several samples of normal human serum produced typical tail agglutination of rabbit spermatozoa to a titre of 10; one sample only had a titre as high as 50. Normal goat serum caused tail agglutination of rabbit and goat spermatozoa to a titre of 20. In normal rabbit and guinea-pig sera, tail agglutination of spermatozoa of those species was not seen.
With sera of immunized animals, only titres for tail agglutination of 40 or over were regarded as significant. Below that serum concentration it appeared, in contrast to head agglutination, to be a highly specific phenomenon.
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Factors influencing the slide agglutination test
Time
Agglutination of spermatozoa in high concentrations of potent antisera began within 10 sec., and was advancing rapidly by 30 sec. At 2 min. the majority of spermatozoa were agglutinated by their tails in small clusters (figure 2, plate 5), and between 2 and 5 min. the small clusters coalesced (figure 3, plate 5). Although the rosettes and clusters continued to increase in size, an alteration in the degree of agglutination was seldom recorded in high serum concentrations after 5 min. (figures 4 and 5, plate 6). In low serum concentrations there was often a change between 5 and 10 min., but there was not usually an increase in titre between 10 min. and 2 hr. Typical results are shown in table 5.
Temperature
With rabbit and guinea-pig spermatozoa there was no difference between the serum titres recorded at room temperature, and those obtained when working at 37° C. Nor was there an appreciable alteration in the rate of agglutination during the first 20 min. at 37° C. Comparison of normal (0*85 %) sodium chloride and Baker's solution as the diluting fluid When testing samples of the same serum against freshly diluted spermatozoa from the same specimen, agglutination at slightly higher titres was usually observed with O'85 % sodium chloride as the diluent than with Baker's solution. In saline the motility of the spermatozoa fell off rapidly, head agglutination occurred, and lower serum titres were obtained using saline suspensions more than 2 hr. old. For routine use as a diluent Baker's solution was therefore preferred.
pH of the diluent Glucose sahne solutions buffered at different pH 's were prepared according to the prescriptions given in table 2. A number of freshly collected specimens of rabbit semen were mixed and diluted 1 in 20 with 0-85 % NaCl. Samples were withdrawn and centrifuged to separate the dilute seminal plasma. The deposits were diluted to the same final concentration of spermatozoa, using for each a solution of different pH. A series of antiserum dilutions made with the same buffer solution was used to test each spermatozoal suspension.
Results are given in table 6, and show that between pH 7*0 and 8-1 there was little difference in the serum titres recorded or in the motility of the spermatozoa observed at 20 min. Above pH 8-1 lower serum titres were obtained, and head agglutination became increasingly prominent. Below pH 7-0 the serum titre was sometimes reduced and the motility of the spermatozoa diminished. Both head agglutination and alterations in motility were most conspicuous in low serum concentrations, and in controls. Except at the extremes of the pH range the final pH of the mixtures of diluted serum and spermatozoal suspension differed little from those of the diluent used.
Washing the spermatozoa
Rabbit spermatozoa from diluted semen were washed free from seminal plasma, and suspended in fresh Baker's solution as described on p. 50. They were agglutinated by higher dilutions of antiserum than the same concentration of unwashed sperma tozoa in the original diluted semen. When the washed spermatozoa were separated, and resuspended in dilute seminal plasma they behaved like the original suspension of unwashed spermatozoa. The effect of washing rabbit epididymal spermatozoa was even more striking (table 7) . Table 7 . The effect of washing on the agglutination of
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rab b it sperm atozoa from semen rab b it epididym al sperm atozoa a n tis e ru m Suspensions of washed epididymal spermatozoa from guinea-pigs were also agglutinated to higher serum titres than unwashed spermatozoa from the same source. When the washed spermatozoa were resuspended in the original diluent the titre was reduced (table 8). When they were resuspended in dilute rabbit seminal plasma there was a reduction of titre of the antiserum S. 1 which agglutinates both rabbit and guinea-pig spermatozoa, but not of the antiserum R. 8 which only agglutinates guinea-pig spermatozoa (tables 4 and 8). The marked difference between titres obtained with washed and unwashed spermatozoa suggested that antigens present on the spermatozoa might also be present in soluble form in the seminal fluid. To increase the sensitivity of the slide agglutination test suspensions of washed spermatozoa should be used. 
Different samples of spermatozoa
The same titre was not always obtained when an antiserum was tested against different diluted specimens of rabbit semen on the same day, or on successive days. Specimens with poor motility, or containing much granular debris, tended to be agglutinated to lower titres. Sometimes there was no obvious abnormality of the semen to account for poor agglutination. When the spermatozoa from different specimens of semen were washed, there was less variation in titre. Suspensions of epididymal spermatozoa from different guinea-pigs gave consistent results, unless there was much head agglutination or exceptionally poor motility. Because of the uncontrollable variation between samples of semen, antisera should always be tested against specimens from several different animals.
Relation of serum titre to spermatozoal concentration
Two specimens of highly active rabbit semen were mixed. One half was withdrawn, and dilutions of 1 in 5, 1 in 10, 1 in 20, 1 in 40, 1 in 80, and 1 in 160, were prepared with Baker's solution as diluent. The other half was diluted 1 in 20 with Baker's solution, and distributed into six centrifuge tubes. ,The dilute seminal plasma was separated by centrifuging, and the spermatozoal deposit in each tube washed twice.
Baker's solution was added to give concentrations of washed spermatozoa in the different tubes corresponding to dilutions of 1 in 5, 1 in 10, etc. of whole semen. The titre of the antiserum S. 1 was tested against each of the suspensions of un washed and washed spermatozoa. The results given in table 9 show that a fourfold increase in the concentration of unwashed rabbit spermatozoa in diluted semen halved the serum titre, while with washed spermatozoa an eightfold increase in concentration was required to halve the titre.
T a b l e 9 . T h e e f f e c t o f t h e c o n c e n t r a t i o n o f s p e r m a t o z o a o n s e r i j m t i t r e s p e rm a to z o a l su s p e n sio n t i t r The effect of added complement on motility and agglutination in antisera
The agglutination and motility of rabbit and guinea-pig spermatozoa in antisera with and without added complement was compared. The source of complement was freeze-dried guinea-pig serum. This, when reconstituted and diluted 1 in 50, would haemolyze an equal volume of 2 % sheep cells maximally sensitized with haemolysin.
Results are given in table 10, and show that addition of complement in the proportions used was usually without effect on the serum titre or on the motility of the spermatozoa in the slide agglutination test. Metalnikoff (1900) and Weichardt (1901) found that, in order to immobilize the spermatozoa, fresh guinea-pig serum had to be added to decomplemented antiserum in the proportion of 15 or 20 vol. to 1 vol. It is possible that, in the tests described above, insufficient complement was added to affect the motility of the spermatozoa. 6 . I n h i b i t i o n a n d r e v e r s a l o e a g g l u t i n a t i o n
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Inhibition of agglutination
The vaginae of several living rabbits were douched, each with about 5 ml. of Baker's solution introduced with a syringe through a rubber catheter and run in and out several times. The fluid recovered was faintly opalescent, and contained small numbers of squamous epithelial cells. Washed rabbit spermatozoa suspended in the vaginal douchings were agglutinated to low titres, or not at all, by potent antiserum. When these suspensions were centrifuged and the deposits of sperma tozoa resuspended in fresh Baker's solution, the agglutination titre was the same as for the control suspension of washed spermatozoa. Table 11 gives the results of these experiments.
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Audrey U Smith The following substances when added to Baker's solution in the concentrations stated failed to influence the agglutination titres: 0*25 % soluble starch; 0-25 % gelatin; 0-25 % gum arabic; 0*25 % sodium silicate; 1 in 10 normal freeze-dried rabbit serum.
Reversal of agglutination By mechanical means
Spermatozoa which had been exposed for short periods to antiserum, and had been agglutinated thereby, could be dissociated by shaking the agglutination tube or by bubbling air through the mixture. If then allowed to stand undisturbed they would re-agglutinate to the same degree as before. If, after disagglutination, the spermatozoa were washed till the supernatant fluid was free from all traces of serum, and resuspended in fresh Baker's solution, they would re-agglutinate in the absence of added serum. This suggested that a firm union between antigen mole cules on the tails of the spermatozoa and antibody from the serum had taken place, and that the agglutination was a separate process. Experiments are described below. Experiment 1. A suspension of guinea-pig epididymal spermatozoa was mixed in an agglutination tube with an equal quantity of a 1 in 50 dilution of the anti serum R. 8. After standing for 5 min. the three-plus degree of agglutination had been reached. By bubbling air through the suspension the spermatozoa were dissociated, and no agglutination was seen macroscopically or microscopically. When allowed to stand undisturbed for 5 min. the spermatozoa re-agglutinated to the three-plus degree.
When the initial exposure to serum was 5, 10, 20, or 40 min. the agglutinated spermatozoa could be dissociated by air bubbles or by shaking. After 60 min. exposure to serum treatment they could not be dissociated.
Experiment 2. 1 ml. of the suspension of guinea-pig epididymal spermatozoa, and 1 ml. of the 1 in 50 dilution of the antiserum R. 8, were mixed and allowed to stand for 20 min. Agglutination (three-plus) had occurred. 8 ml. of Baker's solution was added to make the final serum concentration 1 in 500; the titre of the serum was 320. The suspension was well mixed and no agglutination was seen macro scopically or microscopically. I t was centrifuged, the supernatant fluid removed, and 2 ml. of fresh Baker's solution added to resuspend the deposit. On immediate examination no agglutination of spermatozoa in this suspension was seen, but after standing for 10 min. they were agglutinated to the three-plus degree. Another 8 ml. of Baker's solution was added and centrifuging, resuspending, and examinations carried out as before, with the same result. After a third washing, using the same technique, the spermatozoa still re-agglutinated when allowed to stand, although no trace of serum could have been present in the suspending fluid. The first, second, and third supernatant fluids all failed to agglutinate fresh guinea-pig spermatozoa not previously treated with serum.
These experiments were repeated using higher dilutions of the same antiserum R. 8, and with the antiserum S. 1 in various dilutions tested against rabbit and guinea-pig spermatozoa. In every case similar results were obtained.
Addition of an excess of fresh spermatozoa
When an excess of fresh rabbit spermatozoa was added to serum-treated sperma tozoa of the same species, re-agglutination, which would otherwise follow mechanical separation, could be prevented, except when the serum treatment had lasted 16 min. or longer. A typical experiment is described below.
The titre of the antiserum was determined with different concentrations of rabbit spermatozoa. With a 1 in IQ dilution of semen the titre of the antiserum S. 1 was 1 in 320; with a 1 in 4 dilution of the same semen it was 1 in 160. Equal quantities of the 1 in 320 dilution of S. 1 and the 1 in 16 dilution of semen were measured into a beaker. At 1, 2, 4, 8, 16, and 32 min. thereafter the contents of the beaker were thoroughly remixed, and 1 ml. transferred to a tube containing the centrifuged deposit from 4 ml. of the 1 in 16 semen dilution. There was thus an eightfold excess of fresh spermatozoa, not previously treated by serum, in contact with the serum-treated spermatozoa. Immediately after mixing the contents of the tube a drop was examined under the microscope. In no tube was any agglutination seen at this time. 20 mm. later another drop was removed for examination. In the tubes containing spermatozoa which had been treated with serum for 16 and 32 min. prior to adding fresh spermatozoa, agglutination of the one-plus degree was seen.
In the tubes in which the preliminary serum treatment had lasted 1, 2, 4, and 8 min. respectively, no agglutination was seen.
This suggested that, when serum treatment had lasted 8 min. or less, the original rabbit spermatozoa shared antibody with the excess of fresh spermatozoa, and did not re-agglutinate because on no sperm tail was sufficient antigen combined with antibody to enable it to adhere firmly to others.
I t appeared as though, after 16 min. exposure to serum, the original rabbit spermatozoa would not part with antibody to the fresh spermatozoa, and therefore re-agglutinated to the one-plus degree.
When an excess of fresh guinea-pig spermatozoa was added to serum-treated spermatozoa of the same species, re-agglutination was not prevented, even when the spermatozoa and serum had only been in contact for 15 sec.
Mixed agglutination of spermatozoa from different species
Some of the antisera would agglutinate to high titres spermatozoa from several different species. When tested against suspensions containing mixtures of sperma tozoa from those species, mixed agglutination occurred, the rosettes being com posed of the different types of spermatozoa agglutinated together by their tails. The spermatozoa of rabbit, guinea-pig, and mouse, are particularly easy to distin guish by their characteristic heads; these were free at the periphery of the rosettes, leaving no doubt as to the phenomenon of mixed agglutination (figures 6 and 7, plate 7). Some experiments are described below. Experiment 1. A suspension containing rabbit and guinea-pig spermatozoa was treated for 15 min. with an equal volume of antiserum S. 1 diluted 1 in 25. A 3 plus degree of agglutination with rosettes composed of spermatozoa of the two species mixed was produced. These agglutinates were broken up by mechanical means and the spermatozoa washed three times as previously described. When resuspended, and allowed to stand undisturbed, mixed rosettes reformed.
Experiment 2. When fresh rabbit spermatozoa were added to serum-treated, disagglutinated, and washed guinea-pig spermatozoa, agglutination (3 plus) of guinea-pig spermatozoa occurred, but no agglutination of rabbit spermatozoa. A possible explanation was that the guinea-pig spermatozoa would not share antibodies with rabbit spermatozoa. % Experiment 3. When fresh guinea-pig spermatozoa were added to serum-treated, disagglutinated, and washed rabbit spermatozoa there was an early stage in which rosettes of agglutinated rabbit spermatozoa reappeared. Later, all these rosettes had disappeared, and there was no agglutination of either rabbit or guinea-pig spermatozoa. This suggested th at the rabbit spermatozoa had parted with anti bodies in presence of guinea-pig spermatozoa.
Some features of the antigen-antibody reaction of spermatozoa are of general serological interest. The formation of mixed aggregates of spermatozoa of different species in presence of antiserum is not in accordance with the lattice hypothesis put forward by Marrack (1934) to explain the phenomena of precipitation and agglutina tion. According to this theory antigen molecules are specifically linked to one another by polyvalent antibody molecules, and the formation of larger aggregates is as specific as the initial union of antigen to antibody, the whole process being continuous. The agglutination of spermatozoa would be explained as the linkage of antigen molecules on the tail of one to identical antigen molecules on another by specific polyvalent antibody molecules. In a system containing spermatozoa of different species and them respective agglutinating antibodies, aggregates each consisting entirely of spermatozoa of one species should be formed. Thus Topley, Wilson & Duncan (1935) showed that in mixtures of pneumococci and coliform bacilli and the corresponding antisera, monotypical aggregates were invariably obtained. The formation of mixed aggregates of spermatozoa suggests th at their agglutination occurs in two stages, the specific union of antigen with antibody being followed by non-specific aggregation of the altered tails, whose surface has become sensitive to the flocculating action of electrolytes. My special thanks are due to Dr A. S. Parkes, F.R.S., National Institute for Medical Research, for instigating this work, for his continued interest and en couragement, and for reading the manuscript.
Description of Plates 5 to 7
The photom icrographs were tak en w ith th e Cooke 8 mm. phase contrast objective, except for figure 5 for which th e Cooke 16 mm . phase contrast objective was used. P l a t e 5 F ig u r e 1. H ead agglutination in a suspension of rab b it epididymal sperm atozoa, after 4 hr.
in B ak er's solution (magn. x 530).
F ig u r e 2. E arly agglutination of ra b b it epididymal spermatozoa, after 2 min. in a 1 in 20 dilution of S. 1 (magn. x 530).
F ig u r e 3. A gglutination of rab b it epididym al sperm atozoa after 4 min. in a 1 in 20 dilution of S. 1 (magn. x 530).
P l a t e 6 F ig u r e 4. A gglutination of rab b it epididym al sperm atozoa after 8 min. in a 1 in 20 dilution of S. 1 (magn. x 530).
F ig u r e 5. A gglutination of ra b b it epididym al sperm atozoa after 8 min. in a 1 in 20 dilution of S. 1 (magn. x 72).
P l a t e 7 F ig u r e 6. A gglutination of rab b it, mouse, and guinea-pig sperm atozoa after 2 min. in a 1 in 10 dilution of G. 2 (magn. x 530).
F ig u r e 7. A gglutination of rab b it, mouse, and guinea-pig sperm atozoa after 5 min. in a 1 in 10 dilution of G. 2 (magn. x 530).
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